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Abstract. We started two observing programs with the Korean VLBI Network (KVN) moni-
toring changes in the flux density and polarization of relativistic jets in gamma-ray bright AGNs
simultaneously at 22, 43, 86, 129 GHz. One is a single-dish weekly-observing program in dual po-
larization with KVN 21-m diameter radio telescopes beginning in 2011 May. The other is a VLBI
monthly-observing program with the three-element VLBI network at an angular resolution range
of 1.0–9.2 mas beginning in 2012 December. The monitoring observations aim to study correlation
of variability in gamma-ray with that in radio flux density and polarization of relativistic jets when
they flare up. These observations enable us to study the origin of the gamma-ray flares of AGNs.
1 Introduction
Many active galactic nuclei (AGNs) show strong
and variable radiation over all wavelengths. They
are known to arise from a relativistic and Doppler-
boosted jet with narrow viewing angles to our line
of sight [1]. AGNs have bipolar plasma jets rela-
tivistically originating from supermassive black holes
with an accretion disk. Such jets are collimated by
magnetic fields twisted by differential rotation of the
black hole’s accretion disk or inertial-frame-dragging
ergosphere [2–4]. The flow velocity increases outward
along the jet in an acceleration and collimation zone
containing the coiled magnetic field. Observations of
the strong and variable radiation (or outbursts) at
multi-wavelength can potentially probe the zone [5].
The correlation between optical-to-radio outbursts
and gamma-ray flares often observed in AGNs sug-
gests that the high-energy emission region shall be
co-spatial with the radio knots, a few parsecs away
from the black hole. The nature of the high-energy
flares can also be addressed by multi-wavelength cam-
paign of polarization observations on flaring AGNs.
2 MOGABA and iMOGABA with KVN
The Korean VLBI Network (KVN) is a three-element
Very Long Baseline Interferometry (VLBI) network
in Korea, which is dedicated to VLBI observations
at millimeter wavelengths [6]. Three 21-m radio tele-
scopes are located in Seoul, Ulsan and Jeju island,
Korea; KVN Yonsei Radio Telescope (KY), KVN Ul-
san Radio Telescope (KU), and KVN Tanma Radio
Telescope (KT) (Figure1). The baseline lengths are
ae-mail: sslee@kasi.re.kr
in a range of 305–476 km. All antennas are identical.
The antennas are equipped with the quasi-optic sys-
tem that allows simultaneous observations at 22, 43,
86, and 129 GHz. This system is described in detail
in [7, 8].
We started two observing programs of monitor-
ing the flaring AGNs at multi-frequencies (22, 43, 86,
129 GHz) using the KVN. One is a single-dish weekly-
observing program in dual polarization, beginning in
2011 May. The observing program is called as MO-
GABA (MOnitoring of GAmma-ray Bright AGNs),
starting with dual-polarization observations at 22 and
43 GHz bands. A total of ∼30 target sources were se-
lected based on a sample of monitoring sources by the
Fermi LAT space telescope. The operating frequency
of the MOGABA program has been extended to 86
and 129 GHz bands in late 2012. In polarization ob-
servations, Stokes I, Q, U, V measurements were done
with digital spectrometer. The total bandwidth for
the observations is 512MHz. Instrumental polariza-
tion was calibrated by observing unpolarized calibra-
tors such Jupiter, Saturn, Mars, Venus and 3C 84 once
per day. Polarization angle was referenced with mea-
suring the polarization angle of CRAB nebula (P.A.
154 deg for all frequencies) once a day. A standard
polarization calibrator, 3C 286 was observed once per
month for checking the calibration reliability.
The other program is, interferometric MOGABA
(or iMOGABA), a VLBI monthly-observing program
with the three-element VLBI network at an angular
resolution range of 1.0–9.2 mas, beginning in 2012 De-
cember. The target sources of the iMOGABA pro-
gram are almost identical to that of MOGABA pro-
gram. Full bandwidth of 256 MHz is evenly divided
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into four frequency bands at 22, 43, 86, and 129 GHz
in single polarization.
The monitoring programs, MOGABA and iMO-
GABA, aim to study the correlation of variability in
gamma-ray with that in radio flux density and po-
larization of relativistic jets when they flare up. The
variability in gamma-ray is known to be correlated
with optical polarization angle and radio total flux
for several relativistic jets [5, 9]. Previous studies re-
vealed that the gamma-ray flares are originated where
the variation of optical polarization or radio total flux
happen in the relativistic jets. This implies that the
gamma-ray flares are related with changes of mag-
netic field in the relativistic jets. Since there is no
dense monitoring observations of radio polarizations
for the gamma-ray bright AGNs, we expect that the
MOGABA and iMOGABA programs will enable us
to study the correlation of the gamma-ray flares with
changes of magnetic fields in radio emission regions of
the relativistic jets.
3 Some results of the monitoring
3.1 A flaring gamma-ray blazar 3C 454.3
The flat-spectrum radio quasar, 3C 454.3 (redshift
z=0.859), is one of most variable AGNs, showing
remarkably high activity since 2000. Recently, the
unprecedented gamma-ray flares of 2010 November
17-21 (MJD 55517 to MJD 55522) were detected
by Fermi GST [10]. Multi-wavelength observations
have been conducted for the gamma-ray flares [11–
13]. Since MJD 55520, we also began to observe the
source at 22 GHz in dual polarization with the KVN
single-dish radio telescopes, in cadences of 3–7 days.
We found, as shown in Figure 1, that after the peak of
the gamma-ray flaring (MJD 55520), the total flux has
slightly increased upto >30 Jy for about 100 days and
decreased gradually down to 5 Jy. These results imply
that after the peak of the gamma-ray flares the radio
flux correlate with the gamma-ray in long time scales.
However, there are time delays between the peaks of
gamma-ray and radio light curves (Lee et al. in prep.).
The fractional linear polarization has decreased by a
factor of 4 from 2% to 0.5% in about 30 days after the
gamma-ray peak and increased back with a peak of
∼ 5%. Interestingly, for 100 days after the gamma-ray
peak, the polarization angle had changed by ∼ 60 de-
grees, and remained almost constant for long time.
These imply that the giant gamma-ray flares may be
closely related to events which caused the change in
polarization at 22 GHz.
3.2 3C 279
One of the brightest radio sources, 3C 279 (redshift
z=0.536), is well known for its variations over the en-
tire electromagnetic spectrum with timescales from
hours to years [14–16]. Abdo et al. [9] discovered
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Figure 1. Light curves of 3C 454.3 with KVN single-
dish telescopes at 22 GHz. Total flux (top), fractional
linear polarization (middle), and polarization angle (bot-
tom) during MJD 55520 to MJD 56400.
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Figure 2. Light curves of 3C 279 at 22 GHz (red dots)
and 43 GHz (blue dots). Total flux (top), fractional lin-
ear polarization (middle), and polarization angle (bottom)
during MJD 55520 to MJD 56400.
the dramatic change of the optical polarization coin-
cident with gamma-ray flare, providing evidence for
co-spatialty of optical and gamma-ray emission re-
gions and indicating a highly ordered jet magnetic
field. The source has been monitored in MOGABA
program since 2011 May. In Figure 2, we show the
light curves of 3C 279 at 22 GHz and 43 GHz bands.
The total fluxes has gradually increased from ∼25 Jy
to ∼40 Jy. The maximum of the light curves do not
represent their peaks due to the maintenance period
of KVN. However, we found that the spectral index
between 22 GHz and 43 GHz bands changed after the
maintenance period. The fractional linear polariza-
tions show two maximum and one minimum. Again,
we are not in a position to determine the peak of the
light curves in the fractional linear polarizations, but
the minimum can be considered as a global minimum
(MJD 56000). An interesting behavior is shown in
the polarization angle at 22 GHz. The behavior is
a swing-like change of polarization angle by ∼42 deg
during MJD 55922 to MJD 55962. The polarization
angle at 22 GHz has changed from -30 deg to +12
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deg during the first 20 days and changed back to -
30 deg during the last 20 days. There are no strong
gamma-ray flares in the period.
3.3 BL Lacertae
BL Lacertae is one of the bright, highly variable AGNs
(known as blazars) at low redshift (z=0.069, [17]).
As all blazars, it shows strong flux and spectral vari-
ability at all wavelengths and on a variety of time
scales. BL Lacertae started a series of strong flares in
2011 May after moderately active phase at gamma-
rays and optical frequencies (see [18],[19] and refer-
ences therein). It underwent a very rapid (a decaying
time of 13 min) TeV gamma-ray flaring on MJD 55740
(2011 June 28) [18]. We began to monitor the object
in 2010 November. The total flux, as shown in Fig-
ure 3, started to increase in MJD 55800, peaking in
∼MJD 55880 both at 22 GHz and 43 GHz. The spec-
tral index between two frequencies has been quite flat
through the increase. The peak is coincident with one
of gamma-ray flares. We found also that the source
already entered a very active state since MJD 56200
after a long maintenance of KVN. The fractional lin-
ear polarization has been decreased from 10% to 5%
between MJD 55600 and MJD 55700. Interestingly,
during MJD 56003 to MJD 56007, there was a abrupt
increase of the fractional linear polarization by a fac-
tor of 2 (from 7% to 15%) at 22 GHz. However, we
do not see such a change at 43 GHz light curve.
3.4 OJ 287
OJ 287 (z=306) is one of the well-studied BL Lac-
ertae objects, known to produce pairs of optical out-
bursts every 12 years [20]. Many studies interpreted
this system as a supermassive black hole (SMBH) bi-
nary [20–23]. Agudo et al. [24] found a strong corre-
lation between gamma-ray and the millimeter emis-
sion during two major gamma-ray flares in 2008 and
2009, concluding the gamma-ray emission region must
be at a distance >14 pc from the central engine.
We began to monitor OJ 287 in MOGABA program
since 2011 May (MJD 55700). During MJD 55800
to MJD 55850, an apparent anti-correlation between
fractional linear polarization and total flux density
at 22 GHz was observed as shown in Figure 4. We
note that on MJD 55845 there was gamma-ray flares
detected by the Large Area Telescope (LAT) on the
Fermi Gamma-ray Space Telescope (ATel. #3680).
This implies that the anti-correlation between the
total flux and fractional linear polarization may be
closely related with the gamma-ray flares, implying
that the anti-correlation could be considered as a pre-
cursor of the gamma-ray flares.
3.5 Polarization Measurements in Microquasar
Cygnus X-3
Since 2013 January, we have monitored a micro-
quasar, Cygnus X-3 in order to study polariza-
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Figure 3. Light curves of BL Lac at 22 GHz (red dots)
and 43 GHz (blue dots). Total flux (top), fractional lin-
ear polarization (middle), and polarization angle (bottom)
during MJD 55520 to MJD 56400.
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Figure 4. Light curves of OJ 287 with KVN single-
dish telescopes at 22 GHz. Total flux (top), fractional
linear polarization (middle), and polarization angle (bot-
tom) during MJD 55520 to MJD 56400.
tion characteristic in X-ray binaries when flaring up.
There was one observation with a marginal detec-
tion for fractional linear polarization of ∼ 1.3% when
Cygnus X-3 was a few times brighter than typical ra-
dio flux density of 100 mJy or less. A new giant
flare would be expected in late 2013 or in 2014 with
the consideration of the long-term multi-wavelength
monitoring in Cygnus X-3. Therefore, a higher degree
of polarization is expected during the upcoming giant
flare, and we are preparing a Target-of-Opportunity
observation.
4 Summary
In order to address the nature of high-energy flares
in AGNs, we started to run two observing programs
(MOGABA and iMOGABA) for monitoring changes
of the flaring gamma-ray AGNs in linear polarization
and flux density at 22/43/86/129 GHz at angular
scales of arcsecond-to-milliarcsecond Korean VLBI
Network. We detected interesting changes in the
fractional linear polarization and polarization angle
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of 3C 454.3, 3C 279, BL Lac and OJ 287. Some
of the changes may correlate with the gamma-ray
flares. We expect that the on-going multi-frequency
polarization monitoring programs with KVN will
provide us with important information of magnetic
field characteristics of the relativistic jets when they
flare up in high energy.
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